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por.Vprr.nnd of the Invention 
This invention relates to methods and compositions for treating and 

preventing mucositis. 

Mucositis is the destruction of the oral mucosal epithelium, which 

results in erythema, ulcerations and severe pain in the oral cavity. Mucositis often 
arises as a complication of antineoplastic therapy, such as cancer chemotherapy 
and/or radiation therapy. The painful ulcerative lesions of mucositis can cause 
patients to restrict their oral intake; as a result, they lose weight and suffer from 
fever associated with dehydration. Severe mucositis can necessitate the de- , 
escalation of a planned chemo/radio-therapeutic dosing regimen to prevent further 

damage to the oral mucosa. 

An even more serious consequence of mucositis is that the lesions can 
act as sites of secondary infections and as portals of entry for endogenous oral 
microorganisms. Mucositis is therefore a significant risk factor for life-threatening 
systemic infection (septicemia); the risk of systemic infection is exacerbated by 
concomitant neutropenia, which is another complication associated with 



chemotherapy. Patients with mucosttis and neutropenia have a relative risU of 
septicenua tha, is at .east four times greater than that of individuals wtthou, 

mucositis. 

The overall frequency of mucositis varies; it is influenced hy the 
5 pauenfs dtagnosis, age, and level of oral health, as W e„ as the type, dose, and 

wno recetve cancer chemotherapy suffer sonte degree of mucositis, and 
, 00% of P a„en. treated with radiation therapy for head and nee, tumors develop 
mucositis. The frequency of severe mucosttis in patients undergomg htgh nsk 
10 protocol is over 60%. About 50% of ,nd,v,dua,s deve!op lesions severe enough 
require modtftcation of their cancer treatment and/or parenteral analgesta. 

The development of effective methods for treating and preventing 
^costtishasbeenhamperedbyalacKofunderstandingofthepathophysiologyof 

lnis condition, and by the tnconsistency in patient response to the medications 
1 5 currently in use. 

f 1nmmnry" ftllft Invention 
The invention features methods for treating and preventing mucositis. 
The mvenfon is based, in par,, on the recognition that mucositis ,s a complex 
logical process resuUing from the cumulative and tnteractive effects of radtation 
20 and/or chemotherapy with epithelial connective tissue and endothelium, pro- 
inflammatory cytoRtnes, cel.u.ar elements withm the mucosa and the local oral 
environment. 

We hypothesize that mucositis represents a cltnica. outcome due to 
complex mteraction of loca. tissue (connective tissue, endothelium, ept.hehum) 



.oxicity, the ,eve, of-^— «— - - «» - — * ^ 

comp „„e„ t s« ud ea„o ralm ucosaof r apM, yre „ew,„ g s, r a t ifieds q ua ffl ous 

e P U h e 1 iu m ove rlyi n g a 1 oosea„a ri c Hy va S c Ul a r co„ n ec t We tl ssue b asea n appea r 
10 be r espo n sWe to changes in pa-ients' bone m a„ow sutus and, pan.cu.ar y , he 

5 degree of granulocytopema. The oral microb,a, *»■ — - "™ 
provide an .ndigenous —en. which impacts on the fluency, seve n ty and 
come of chemotherapy-associated stomatotox.cty. 

„ is ouite litely tha, .he initial oral ,,ssue response to chemotherapy and 
radiation occurs atthe endothel.a, and connects trssue ,evel. We believe that 
10 free radrca, format.on leads to the drsruphon of f.bronectin with subsequent 
activat.on of transcription factors, stimulation of pro-inflammatory cytokme 
production and t.ssue damage. A relationsttp between the presence of tumor 

non-hematologictoxicties. is also ,*e, y tha, in JU . to endothel.a, ceHs oc ^ 
, 5 siim ,„a„eous,y. Concurrently, damage to the basa, ep.thelia, cells prevents 

necros,, An influx of inflammatory cells expressing pro-inflammatory 
occurs during the breakdown of the mucosa and peaks jus, prior to the acme of 
mu cositis. Bactena. colonic of the damaged epithelium occurs and rs 
20 accelerated by the pat.enfs myelosuppressed state. Typically the na rr fo.lows 
day or so after peak mucos.tis. Bacteria, cell wall products from both gram 

. process wh.ch takes about three weeks in the absence of secondary mfectron. 



According to the invention, mucositis can be treated, or even 
prevented, by the administration of inflammatory cytokine inhibitors, MMP 
inhibitors, and/or mas, cell mhibitors. The combination of these inhibitors w„h an 
an.i-inflamma.ory agen. and/or an an.imicrobial agen. provides an even more 
5 effective regime for preventing and treating mucositis. 

The invention features a method of reducing or inhibiting mucosas, m a 
patient suffering from mucositis or a, risk for mucosi.ts; ,he method includes 
administering ,o the patient a firs, therapeutic agen, in an amount suffictent to 
inhibit mucositis, where the firs, .herapeutic agen, is an inflamma.ory cy.okme 
,0 inhibi.or, a mas. cell inhibi.or, an MMP inhibi.or, or a combmation of these 
inhibitors. Preferred mas. cell inhibitors include degranula.ion inh,b,.ors, 
a„,ih,s,amines, and senne pro.ease tnhibitors. A preferred MMP inhibi.or >s a 
,e.racycl.ne such as minocycline, which used by i,self in low doses is an effecttve 
mucosMs agen, that does no. primarily ac, as an an.ib.onc. 0.her members of .he 
15 ,e«racyc„ne family can be used as well, e.g., chlorie.racychne and oxyretracychne. 
An example of a mucositis .ha, can be reduced or inhib.ted aecordmg to the 

invention is oral mucositis. 

The invention also features a method of treating, inhibiting, or 
prevents mucoshis in the human pa.ien, by admimstering ,o ,he pa,ien, firs, and 
20 second different ,herapeu,ic agents, ,he firs, agen, being an NSMD (non-s,ero,dal 
anti-inflammatory), an Mammal cy,okine inhibitor, or a mas, cel. mh.b.tor, 
and ,he second agent being an inflamma.ory cy.okine inhibitor, a mas. cell 
inhibhor, an MMP inhibi.or, an NSAID, or an NO inh.bi.or. Preferably a, leas, 
one of the agents ,s an NSAID, which ,s a COX-, or COX-2 inhibhor; examples of 
25 COX-1 inhibitors are indomethacin and flurbriprofin. In other preferred 



embodiments, the firs, agen, ,s an Mammal cytokine inhtbi.or se.ected from 
an IL-6 inhibitor, a TNF-aipha inhibitor, an 1L-1 inhibitor, and an interferon- 
gamma inhibitor. A preferred combination is a TNF-alpha inhibt.or comb.ned 
wi «h an MMP inhibitor such as a tetracycline, eg, minocycline. Exemplary NO 
5 inhibnors are aminoguamdme and guanine. Another TNF-alpha inhibitor that 
can be used is mahdomide. Mas, cell inhibitors can be antihistamines, senne 
protease inhibitors, or degranulation inhibitors. 

In other preferred methods, a third therapeutic agent, in an amount 
sufficient to inhibn infection, ,s administered as well; the third therapeutic agen, 
,0 includes an an.imicrobia. compound. Preferably, the first, second, and ttard 
therapeutic agents are administered concurrently. 

in another preferred method, the first therapeutic agent, in an amount 
sufficient ,o inhibi, mucosi.is, and the third therapeutic agent, in an amount 
suffitien, to inhibit infection, are administered. Preferably, the firs, therapeufc 
, 5 agen, and the third therapeutic agen, are administered concurrently. 

The mucositis being treated can be induced by antineoplastrc therapy; 
for example, it can be induced by chemotherapy or by radiation therapy. The 
patient ,rea,cd with the methods and compositions of the invention ca. be a cancer 
patient preparing to undergo chemotherapy or radiation therapy, or a cancer patient 
20 currently undergoing chemotherapy or radiation therapy. 

The invention further features a pharmaceutical composition for treatmg 
oral mucositis that includes (a) a firs, therapeutic agen, including an inflammatory 
cytokine inhibitor, a mast ce.l inhibitor, an MMP inhibitor or a combina.,on of 
these mhibitors; (b) a second therapeutic agen. includmg an anti-inflammatory 
25 agent; and (c) a pharmaceutical* acceptable earner. The firs, and second 



10 



therapeutic agents are present in amounts sufficient to inhibit mucosms in a pauent 
suffering from mucositis or a, risk for mucositis. Preferably, the compose ,s 
formulated ,n.o a lozenge, a tablet, an ora. rinse, an oral paste, or an ora. gel. A 
preferred mas. cell inhibitor is an antihistamine; preferred anti-inflammatory 
agents include non-steroidal anti-inflammatory drugs and cyclooxygenase-2 
inhibitors. Preferred MMP inhibitors include tetracyclines such as minocyclme, 
tetracycline HC1, or doxycyc.ine. Preferred composnions can also include an an.,- 
ulcer agent, in an amount sufficient to inhibit gastric mucosal injury, and an 
antimicrobial agent, in an amount sufficient to inhibit infection. 

Pr j F f p^riptirm of the Drawing 
Fig. 1 is a schematic representor, illustrating the four phases of 
mucositis development and resolution. 

p^rigtjpiLMth^rpfmeH Embodiments 
The invention features methods and compositions for reducing and 
inhibiting mucoshis that include admmistermg inflammatory cytokine inhibitors 

anaVor mast cell inhibitors. 

The invention is based, in part, on the development of a new 
mechanic scheme for the physiological basrs of mucositis. According to ,h,s 
scheme, the development and resolution of mucosnis occurs in four interrelated 
20 phases: (i) an .nflamma.ory/vascu.ar response; (,i) a degenerative conneCve trssue 
and/or epithelial phase; (iii) an u.cera.ive/bac.eriologica. phase; and (iv) a heahng 
phase. The four phases are illustrated in Fig. 1. 

During phase 1 , the inflammatory or vascular phase, the administration 
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of chemotherapy effects the release of the cytok.nes interleukin-1 (1L-1), 
.nterleuktn-a (IL-6), and tumour necrosis factor-alpha (TNF-a) from the 
epithelium. Alternatively, the administrate of iomzing radiation causes the 
release of these cytokines from both the epithelium and from the surrounding 

connective tissues. 

1L-1 induces an inflammatory response that results in increased sub- 
epithelial vasculartty, wtth a consequent increase in the local levels of cytotoxic 
agents. Both IL-1 and TNF-a cause local tissue damage, and thereby inittate and 

accelerate mucositis. 

Dunng phase 2, the degenerate epithelial phase, radiation and 
chemotherapeutic drugs affect the endothelium, the connective tissues and the 
dividing cells of the oral basal epithelium, resul.mg in reduced epithelial renewal, 
atrophy, and ulceration. The u,cera,ion of the surrounding tissue is exacerbated by 
functional trauma and by a flood of locally produced cytokines. 

Phase 3, the ulcerative/bacterial phase, is the most symptomattc and 
perhaps the most complex. This phase generally occurs a, the time of the pattern's 
maximum neutropenia. Phase 3 is charactenzed by the release of agents that 
stimulate cytokine production from bacteria on the lesions. Loca.ized areas of 
full-thickness erosion develop, and a fibrous pseudomembrane sometimes grows 
J over these areas. Secondary bacteria, colonization of the lesions occurs, inc.ud.ng 
colonization with both gram positive and negattve organisms; this stimulates 
cytokine release from the surrounding connective tissue, which further amphftes 

local tissue destruction. 

During phase 4, the healing phase, epithelial proliferation and 
15 dtfferentiation is renewed, the peripheral white blood cell count is normalrzed, and 



<3 10 



15 



the local microbial flora is re-established. 

These four phases are interdependent; they are the consequence of a 
senes of actions medrated by cytokines, the dtrec, effect of .he antineoplastic 
agents on the epithelium, connective tissue and endothelium, the oral bactena, 
flora, and the status of the patient's bone marrow. 

The invention is also based, in par,, on the discovery that prohferat.on of 
mas, cells plays a Key ro.e in ,he developmen, of mucositis. Mas. cells are 
g ra„ U ,e-con,aining secretory cells which are present in mucosa, and connecve 
lissu es, and which can mrgrate with.n .hese tissues. The d.s^bution of mas, ce,,s 
,„ tissues generally relates to ,he poten.ia, of mast ce.l-denved media.ors to 
,„fl u ence cells in the immedia.e environmen, In .he ora, cavity, mas, cells are 
preferentially distributed withm ,he microvascular bed of the mucosa. 

The granules of mas, cells comarn medrators that promote inflammatton. 
Followmg degranu,at,on, which can be triggered by a variety of stimuli, such as 
, gE neuropeptides, trauma, and drugs, ,he mas. ceil media.ors are depost.ed ,n 
large quantities in ,he ex,race..u,ar envtronment. These medrators include 
histamine; the senne pro.eases chymase and .ryptase; and cytokines, includ.ng 
TNF-c* The medial promote inflammation by exerting their effects on 
e„do,he„a, cells and o,her cell ,ype, For examp,e, ,he mediators may influence 
0 adhesionmoleculesandthebehavtorofthetissucleadingtoulcerauon. ^ 
Two of the mos, rmponan, of these med.a,ors are histamine and TNF- 
«. I. ,he norma, ora, mucosa, these mediators are present only in the granules of 
mast cells, and are absent in other cells. 

Mast cell-released histamine increases vascular permeabthty by 
effecting structura, changes, such as endotheha, con,rac,ion and ,n,erce,lu,ar gap 
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fon^on. Tbese changes resul. in mcreased .oca, levels of *^«W 
induced damage, in addt.ion, his,amine promo.es leukocy.e adhes.on ,o 
endo.he.ia, cells v,a .ransien, mobilization of ,he adhesion molecule, P-se.ectin, 
thereby causing inflammation. 

Anomer importan, med.a.or released by mas. cells is ,he cy.ok.ne TNF- 
. TNF-a conmbu.es ,o .he Mammatory process by releasing his.an.ine and by 
inducing e„do.he,,al express.on of E-se,ec,in, an adhesion molecule wh.ch 
cri.ica.ly required for .he rapid adhesion of neu,r„phi,s, T cells, mo„ocy.es, and 
other leukocytes to endothelial cells. 

According to the invention, agents .ha. inhibi, .he function of .he ma, 

pre ven. mucos„i, Ma, ce„ mhibi.ors are chemica! or bio.o gl ca, agen.s .ha. 
suppress or mhibi, .he ft.nc.ion of mas. cells, or .he med.a.ors released by mas, 
cells For example, ma, cell inlnbi.ors can inhibit degranu,ation, thereby 
; preventing .he release of med.a.ors ,n.o .he ex.race„u,ar space. Examples of ma, 
cel, degranulation .nhibitors include p.cetannol, benzidines, temdap, ..acnla,, 
disodium cromoglyca.e, lodoxamide e.hyl, and ,odoxam,de .romethamine. O.her 
agents that inhibi. mediator release include stanrosporine and CGP 41251. 

Examples of mast cell med.ator inhibitors include agents that block .he 
«, release or secretion of h.,amine, such as FK-506 and quercetin; a„.ihi,am,nes 
such as diphenhydramine; and theophylline. 

Other mas, cel. inhibtas include serine prorease inhibi.ors, such as «-!■ 
pro ,ease inhibitor; me,a,.opro,ease ,nhib,.ors; lisofy.line; TNFR-FE (available 
from .mrnunex, Seanle, W A); benzamidine; amiloride; and bi,amid,nes such as 
25 pen.amidine and bis(5-amidino-2-benzimidazolyl)me.ha„e. 
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According to the invention, inflammatory cytokine inhibit can a.so be 
used ,o treat and prevent mucositis. Inflammatory cytokine inhibitors 
or biological agents that suppress or inhibit inflammatory cytokines. Such 
in h,b,,ors include pyridinyl imidazo.es, bicyclic imidazoles, oxpentify.lme, 
thalidomide and gabexate mesilate. 

Anti-inflammatory agents can be used in combination wrth 
inflammatory cytokine and/or mast cel. inhibitors to treat and prevent mucosrtts 
a CC ord,„ g ,o the invention. Examples of anti-inflammatory agents tha, can boused 
in the present invention include the non-sterordal ann-inflammatory drugs 
flurbiprofen.ibuprofen.su.indacsulf.de.anddtclofenac. When NSAID's are 

administered, e.g., to help protect against gastric mucosa, damage. 

Other antiinflammatory agents tha, can be used in the present invention 
,„ c ,ude misoprostil; methylxanthine derivatives, such as caffeine, Hsotylline, or 
pentoxyfylline; benzydamine; naprosin; mediprin; and aspmn. 

Another important class of anti-inflammatory agents mcludes 
eyclooxygenase (COX) inhibttors, particularly COX-2 inh.b.tors. COX-2, an 
, nduc ,b,e enzyme stimulated by growth factors, ^polysaccharide, and cytokines 

,„„ „r cell iniury is responsible for the elevated production of 
during inflammation or cell injury, is y 

0 prostaglandins during inflammat.on. COX-2 inhibitors are especially use M where 
,he invention is used to treat mucositis ,n cancer patients undergomg 
chemotherapy or radiation therapy, because of the gastrointestinal tolerab ,<y of 
these inhibitors. COX-2 inhibit that can be used in the invention include 
celecoxib, nimesu.ide, meloxicam, piroxicam, flosul.de, etodolac, nabumetone, 
a„d,-[(4-me.hylsu,fony,)phe„yl]-3-trifluorome,hy.-5- [( 4-fluoro)pheny. ]P yrazole. 
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Other useful anti-inflammatory agents include dual 
cyclooxygenase/lipoxygenase inhibitors, such as 2-acety.thiophene-2- 
thiazolymydrazone, and leukotriene formation inhibitors, such as pnprost. 

MMP inhibitors include both the antibacterial tetracyclines such as 
tetracycline HCI, minocycline and doxyocyclme, as wel. as non-antibacterial 

tetracyclines. . 

The presence of bacteria in the oral cavity leads to secondary mfectton, 

serves as a source for systemic infection, and stimulates cytokine release, thereby 
amplifying tissue damage. According to the invention, the admmistration of an.,- 
microbial agents in combination with the agents described above can result m an 
even more effective method for treatmg and preventing mucositis. Examples of 
antimicrobial agents that can be used include agents with spectrum for gram 
positive and gram negative organisms. Specific dntgs include tetracychne, 
amoxicillin, gentamicin, and chlorhexidine. 

Other agents that can be used to treat or prevent mucosifs mclude the 



nuclear 
resiniferatoxin 



transcription factor kappa-B (NF-kB) activation inhibitors capsatcm 



and 
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p^.tP »nd timing of administration 

The route of administration is governed by the nature of the 
compound^) used. For example, the compounds can be administered in tablet or 
,ozenge form, as an oral nnse, as a paste or gel, or by parenteral administrate. 

Since the composes of the invention can help prevent mucosas, 
administration of the commons should preferably precede the initial dose of 
anaplastic therapy by at least 24 hours. My treatment should continue dunng 
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the course of antineoplastic treatment. 
Dosage 

The therapeutic agents described above can be used in the dose ranges 
current* used for these agent, For topica, applicatton, the amount of drug to be 
administered will produce local tissue dose ranges eo,u,va.en, to, or higher than, 
those achteved by parenterai administration. The Mowing are i.lustrattve 
examples of dose ranges. 
A/| qg t rpll function inhibitors 

The mast cell function inhibitor, picetannol, is preferably adm.mstered 

, ^ fm „o/m1 to 5 ue/ml; benzamidines are preferably 
0 to tissue or plasma levels of 0.1 Mg/ml to ^g/m, 

adm imstered to tissue or plasma levels of 0, to 1 .0 ,M/1; temdap u preferably 

administered in a 1% to 10% solution. 

T,1n,t rrll mHW™- inhibitors 
, 5 With respect to mediator inhtbitors, lisofylhne is preferably 

adm.mstered a. , mg/Ug to ,0 mg*g body weight, and TNFR-Fe (Immune*, 
Seattle, WA) is administered in 25 mg doses, twice weekly. 

A„t j-; P namm »'"r" ayents 

The anti-inflammatory agent, .buprofen, is preferably adm.mstered a. 50 

mg per day. The COX-2 inhibitor etodolac is preferably admimstered at 500 
2000 mg per day; nabumetone is preferably administered a, 500 to 2000 mg per 
day meloxicam is preferably admimstered a, 7.5 to 25 mg per day; piroxicam ,s 
preferably admired a, , 0 to 30 mg per day, and 1 -^.methylsu.fonyDpheny,]- 
25 3-tri f luoromethy.-5. 1 (4-fluoro)phe„yl] P yra Z o,e is preferably adm.mstered at 1 to 
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lOmg/kgper day. 

Anti-microb ial agents 

With respect to anti-microbial agents, tetracycline is preferably 
administered a. 250 mg to ,000 mg per day, and chlorhexidine is preferably 
5 administered in a 0.1 to 5% solution, twice daily. 

Without further elaboration, it is believed that one dolled in the art can, 
based on the description herein, utilize the present tnvention to its fu.les. extent. 
Tne following specfic examples are, therefore, to be constnred as illustrative of 
the invention, and are no, meant to limit the remamder of the disclosure m any 
10 way. Pubhcations mentioned herein are hereby incorporated by reference. 
MMP Inhibitors 

Tetracyclines used as MMP inhibitors will be administered topically m 
dosages of .001 to 10 mg/mL, with a probable range of .01 to Img/mL, and an 
optimal range of .05 to .5 mg/mL. 

M^bl^Ch^^ 

fnr p~n. f< n » Tn>n.fr l! "" at ' on 

For treatment according to the methods described herein, patients are 
dosed with a topical apphcation of mucositis medication as a troche or lozenge, 
20 beginningtheeveningbeforethefirstdoseofchemo^py. Thelozenge 
contains therapeutic doses of an MMP inhibitor such as minocycline and a 
nonsteroidal anti-inflammatory agent such as flurbiprofen. 

Beginning the day of chemotherapy and continuing for the subsequent 
fourteen days, patients receive medication every 3 to 4 hours while awake. For 
patients unabie to tolerate the lozenge because of chemotherapy-induced nausea, a 
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n „,viscous „a,id suspension ,s ava,,ab,e for dos.ng approbate every 2 ho» 
wh i,e awake. Patients us.ng .he suspend swish and g ar gl e with .he matenaHo 
assure exposure of .he drug ,o .he oropharynx. The fourteen-day dos.ng penod 
provides coverage .hrough ,he firs, .hree phases of mucositis devdopment. 

E^nuieJLBS^^ 

Patients being .rea.ed w,,h radia,ion therapy for head and neck cancers 
re ce,ve a .o.a, rumor dose of rudia.ion of ahou, 60 Gy, gWen in divided doses over 
. 6-week «o 8-week penod. Early signs of mucositis are no.ed a. doses of around 
,0 Gy and frank breakdown of .he mucosa is seen a. around 25 Gy. 

Begmningwim *e second week of .his type of radia.ion .herapy, 
patients receive mucositis medication 2 hours pnor .o each daiiy dose 
which is typ.cally given 5 days per week. Subse q uen, mucos.tis medication ,s 
given 2 hours, 6 hours, and 12 hours followmg dai.y radiation. Smce 
! 5 myeiosuppression is no. an issue for patients being radia.ed for head and neck 

inhib ,.ors, and anti-inflammatory a g e,s, bu, no an.i-microbia, agents. Patients 
„ ol receive mucositis medication on days on wh.ch .hey are no. rad.a.ed. The 
pro.ocol is followed until radia.ion dosing is completed. 



10 



• 14- 



T^ieJJrorJr^^ 
aeao^l^^ 

to treatments for colorectal cancer, patients typically receive muUtple, 

for treatment of this form of rumor, this group of patients is a. parttcu.ar nsK for 
developing mucositis. Patients in this group beg,n dosing with mucositts 
me aica,io„ two hours prior to chemotherapy administrate. They contmue ta.mg 
ra „cosi,is medicatton every 4 hours, while awaUe, for a, leas, the next 48 hours. 
TV regimen is repeated for each dosing cycle. Generally, the formulae does 
no, include an anti-microbial. However, for those patients demonstratmg 
Slg „if,can, neutropema, the formulation inc.udes an antt-m.crobial, and treatment 
time is extended to ten days. 



Other Uses 

^ ~f nrpsent invention can be used to 
The methods and compositions of the present inven 

trea t and prevent conditions such as lichen planus and graft-vs-host disease, wh.ch 
have similar btological mechanisms to that of mucosms. 

Other embodiments are within the scope of the following c.a.ms. 



What is claimed is: 
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